This study investigated how young healthy subjects control their equilibrium in situations of instability specifically elicited by a reduced capacity of force production in the postural muscle system. Ten subjects displaced a bar forward with both hands at maximal velocity toward a target while standing on the dominant leg (UNI D ), on the nondominant leg (UNI ND ), or on both legs. In each stance condition, anticipatory postural adjustments (APAs) were elicited. Along the anteroposterior axis, APAs were two-times longer in UNI D and UNI ND than in bipedal stance, while the anticipatory inertia forces remained equivalent. The focal performance was maintained without any additive postural perturbation. A small effect of leg dominance could be detected on APAs along the mediolateral axis (i.e., anticipatory inertia forces were higher in UNI ND than in UNI D ). These results stress the adaptability of the central nervous system to the instability specifically elicited by reduced postural muscle system efficiency.
APAs duration when the postural muscle system is in a fatigued state as compared with a nonfatigued state (Vuillerme, Nougier, & Teasdale, 2002; Allison & Henry, 2002; Morris & Allison, 2006; Strang & Berg, 2007; Strang, Choi, & Berg, 2008) . Because both the focal performance and the posture remained unchanged, this lengthening of APAs duration has been interpreted as a major adaptation of the CNS to the reduced postural muscle system efficiency. Hence, it seems plausible that, in contrast to persons with long-lasting postural impairment, young healthy subjects do not perceive APAs as a potential source of disequilibrium, provided that the BoS size is not drastically reduced in the direction of the perturbation. Now, it remains to investigate whether the adaptive changes in APAs duration reported in the literature are exclusively related to the effects of fatigue or, in contrast, whether they might reflect a more general strategy directed to compensate for reduced postural muscle system efficiency. The main goal of the current study was to address this question. We will herein more specifically focus on kinetic measurements so that both the inertia forces developed during the APAs and the perturbation to equilibrium could be quantified.
Besides fatigue, situations of instability specifically elicited by a reduced postural muscle system efficiency might be experimentally induced by having subjects perform a bilateral forward arm movement in the horizontal plane (displacing a bar straight forward toward a target with both hands; see Figure 1 ) from the unipedal erect stance (UNI). Performing bilateral, upper-limb movement from UNI stance might often be found in sports, for example, in Taï Chi Chuan (Kou & Yiou, 2005) , Judo (Paillard, Montoya, & Dupui, 2007) , etc. The salient difference of the UNI stance as compared with the normal bipedal stance (BIP) can be stressed as follows. First, the capacity of the postural muscle system to restore equilibrium is obviously hindered because fewer postural muscles are available to counter the perturbation. This reduction of efficiency might even be exacerbated if subjects stand on the nondominant leg rather than on the dominant leg. Recent studies indeed reported the existence of strength asymmetry in the lower legs (Valderrabano et al., 2007) and hip abductors (Jacobs, Uhl, Seeley, Sterling, & Goodrich, 2005) in subjects grouped by leg dominance. To date, the influence of leg dominance on the postural phenomena associated with a voluntary arm movement is unknown because most studies did not differentiate between the dominant and the nondominant leg during single stance (e.g., Nouillot et al., 1992; Aruin et al., 1998; Vernazza-Martin, Martin, Cincera, Pedotti, & Massion, 1999; Santos & Aruin, in press) . One subsidiary goal of the current study is, thus, to address the question of leg dominance on postural control during voluntary arm movement. Second, in terms of mechanics, the postural stability along the anteroposterior (AP) direction is equivalent in UNI and BIP because the BoS length remains unchanged. In contrast, the postural stability along the mediolateral (ML) direction is lower in UNI than in BIP because the BoS width is reduced. Now, the focal movement is expected to induce very low ML perturbation to equilibrium because it should be symmetrical with respect to the sagittal plane. Thus, we assume that any change in APAs or in focal movement performance with the stance condition will predominantly reflect adaptation to the reduced postural muscle system efficiency rather than adaptation to the reduced ML BoS size.
The current study was, therefore, designed to test the hypothesis that young healthy subjects do not use a protective strategy of APAs attenuation when exposed to a situation of instability specifically elicited by reduced postural muscle system efficiency. Instead, we expect that, when confronted with such a situation-herein experimentally elicited by having subjects standing either on the dominant or on the nondominant leg-young healthy subjects lengthen the APAs duration to reach as efficient an anticipatory postural counter-perturbation (in terms of wholebody anticipatory inertia forces) as under the more stable bipedal posture. As a consequence, they might maintain an equivalent focal performance (maximal velocity) without any additive postural perturbation.
Methods

Participants
The study was performed on 10 healthy subjects (6 men and 4 women; 9 righthanded; 26 ± 6 years; 71 ± 9 kg; height, 174 ± 7 cm). All subjects gave written informed consent of the nature and purpose of the experiment, which was approved by the local ethics committees. The study conformed to the standards set by the Declaration of Helsinki. 
Experimental Procedure
The experiment was conducted in a stabilized visual environment made of 2-square-meter white sheets hanging on subjects' right, left, and front sides. The subject stood upright and grasped firmly a bar (2 kg; grasp-bar) with full pronation at the shoulders level. The hands were shoulder-width apart, and the upper arms were aligned along the trunk. Their task was to displace the grasp-bar forward at maximal velocity toward a target ("bilateral forward-reach" task, BFR) and to keep arms outstretched for approximately 3 s (Figure 1) . The target was a vertical bar (target-bar) placed at arm's length and with a mark positioned at the shoulder level. The subject had to hit this mark with the grasp-bar. In the initial posture, the subject's gaze was directed toward this mark. The BFR was initiated in a self-paced manner and at a maximal velocity following an acoustic tone (go signal). This go signal was delivered 2-4 s after the subject was verbally asked to stand motionless.
Ten BFR trials were performed in the three following stance conditions ( Figure 1 ): (1) standing on the dominant leg (UNI D ), (2) standing on the nondominant leg (UNI ND ), and (3) standing on both legs (BIP). In BIP, the subject stood barefooted with the feet shoulder-width apart and with the weight equally distributed on the legs. In the two unipedal stance conditions (UNI D and UNI ND ), the toe of the nonsupporting foot hung against the supporting foot's malleolus. For each subject, the feet/foot outlines were marked on a millimetric paper placed over the support surface. These marks were used as a visual reference on which the subject had to position under the supervision of the experimenters. Before each recording, the subject had two practice trials to familiarize with the apparatus, the task, and the instructions. The three stance conditions were tested in a random order among subjects to avoid rank effects. The subject had a 1-min rest between the experimental conditions, and the intertrials delay was 10-20 s to avoid the effects of fatigue.
Determination of the Dominant and Nondominant Leg
The subject performed three functional tests inspired from the study of Hoffman, Schrader, Applegate, and Koceja (1998) to determine the dominant leg and the nondominant leg: the ball-kick, the stepping initiation, and the balance recovery test. Three trials in each test were conducted. In the ball-kick test, the subject had to kick a soccer ball with moderate intensity and maximal accuracy through plots placed 50 cm apart and 3 m distant. In the stepping initiation test, the subject had to initiate a voluntary step from the quiet standing posture at a moderate velocity. In the balance recovery test, the subject was nudged off balance from behind by one experimenter. The perturbation was a nudge applied at the back (midpoint between the scapulae) and sufficient to require the subject to initiate a reactive step for balance recovery. Depending on the test, the dominant leg corresponded to the kicking leg, the voluntary stepping leg, and the reactive stepping leg. The three tests were presented in a random order among subjects.
Kinetics and Kinematics Recordings
The ground reaction forces (GRF) were recorded by means of a 120 cm  80 cm force plate (BERTEC, Columbus, USA). The instantaneous coordinates of the CoP along the AP (xP) and ML (yP) axes were approximated according to the formulas: xP = My/Rz, where My is moment along the ML axis and Rz is vertical GRF, and yP = Mx/Rz, where Mx is moment along the AP axis. The accelerations of the center of gravity (CoG) along the AP (x"G) and the ML (y"G) axes were obtained by the ratio between the GRF and the subject's mass (Newton's law). A biaxial accelerometer (ENTRAN, ±5 g, with active axis directed along the AP and the ML axes of the force plate) was fixed at the middle of the grasp-bar.
Data Processing and Variables
Anticipatory Postural Adjustments. The APAs duration corresponded to the delay between the first rise of the CoG acceleration trace from the baseline (t0) and the onset of the BFR (t1). The APAs amplitude corresponded to the CoP displacement and CoG acceleration value at t1 minus the value obtained at t0 (Yiou & Do, 2001; Le Bozec & Bouisset, 2004) . Along the AP axis, these variables were labeled xP APA and x"G APA , respectively. Along the ML axis, these variables were labeled yP APA and y"G APA , respectively. Because of the relatively large ML baseline oscillations that might occur in some subjects in UNI D and UNI ND , the t0 time was sometimes difficult to precisely establish. Consequently, only the amplitude of the APAs (and not the APAs duration) was considered along the ML axis.
Perturbation to Equilibrium. The perturbation to equilibrium elicited by the BFR was quantified with the following variables. It was assumed that the higher these variables are, the higher the perturbation is.
• The peak-to-peak value of the x"G trace (x"G MAX ) and y"G trace (y"G MAX ).
• The peak-to-peak value of the xP trace (xP MAX ) and yP trace (yP MAX ). xP MAX and yP MAX were normalized with respect to the AP BoS size (or foot/feet length, L AP ) and to the ML BoS size (or foot/feet width, L ML ), respectively. These normalized values were labeled xP MAX * and yP MAX *, with xP MAX * = xP MAX / L AP and yP MAX * = yP MAX / L ML . L AP and L ML were estimated individually with the traces of the feet outline (or of the foot's outline in the two unipedal stance conditions) on the millimetric paper covering the force plate. L AP and L ML corresponded to the distance between the two most distant points of the BoS outline along the AP and the ML axis, respectively. • The net CoP displacement along the AP axis (xP NET ) and ML axis (yP NET ).
The net CoP displacement corresponded to the difference between the CoP position in the initial and the final posture. xP NET and yP NET were normalized with respect to L AP and L ML . These normalized values were labeled xP NET * and yP NET *, with xP NET * = xP NET / L AP and yP NET * = yP MAX / L ML .
The normalized values allowed the estimation of the percentage of use of the BoS size along the AP and the ML axis (Yiou et al., 2007) . As these values tended to unity, this percentage was maximal. Consequently, the postural equilibrium was maximally threatened.
Focal Movement Performance. The performance of the BFR was expressed in terms of peak velocity of the grasp-bar along the AP direction (V XMAX ). In addition, the symmetry of the focal movement was estimated with the maximal ML grasp-bar velocity (V YMAX ). The BFR was considered to be perfectly symmetrical if V YMAX was zero. The AP and ML velocities of the grasp-bar were obtained by a simple integration of the signals delivered by the accelerometers.
Timing Detection. The mean values of all biomechanical traces were computed in the initial and final posture during a 500-ms time window ranging from -1500 ms to -1000 ms before t0 (the subject stood in the initial posture) and +1500 ms to 2000 ms after t0 (the subject stood in the final posture). A representative value of the baseline level could thus be obtained. t0 corresponded to the instant when the CoP displacement or the CoG acceleration trace deviated from the mean baseline value computed in the initial posture (±2 SD). A similar method was used with the acceleration signal of the grasp-bar to estimate t1. The mean CoP values in the initial and final postures were also used to quantify the xP NET and yP NET values (described previously).
The data were digitized at a sampling rate of 500 Hz and stored on a PC hard disk for subsequent analysis with customized software.
Statistics
Mean and standard deviations (SD) were calculated. Repeated-measures ANOVAs were conducted on the biomechanical variables with the stance condition as a within-subjects factor. When necessary, the Tukey's post hoc test was used. The level of statistical significance was set at p < .05.
Results
Comparison of the Focal Performance in the Three Stance Conditions
The time course of the grasp-bar acceleration trace along the AP axis was reproducible between trials and between individuals (Figure 2) . It was also similar in the different stance conditions (i.e., the grasp-bar was accelerated forward until the target-bar was reached). At this time, the AP velocity (not shown in Figure 2 ) was maximal. It was then accelerated backward. Slight oscillations then occurred before the trace was stabilized. The time course of the grasp-bar acceleration trace along the ML axis was, in most subjects, very variable between trials, and a general pattern was difficult to establish. As expected, the amplitude of the signal was much lower along the ML axis than along the AP axis (Figures 2 and 3) . The ANOVA did not reveal any significant effect of the stance condition on V XMAX , F(2, 18) = 0.54, p > .05, and V YMAX , F(2, 18) = 2.34, p > .05.
Comparison of the Spatiotemporal Features of the AP and ML APAs in the Three Stance Conditions
AP Axis. The general time course of the x"G and xP traces during the APAs was roughly similar in every stance condition (i.e., the CoG was accelerated forward
Figure 2 -Biomechanical profiles in the three stance conditions (one representative subject). Ay, Ax, yP, xP, y"G, x"G: mediolateral (ML) and anteroposterior (AP) acceleration of the grasp-bar, ML and AP displacement of the center of foot pressure, ML and AP acceleration of the center of gravity, respectively. BIP: bipedal stance. In each condition, three superimposed trials are reported. Traces are synchronized with respect to the onset of the focal movement (t1). t0 indicates the onset of the biomechanical traces (x"G or xP trace). APAs duration corresponds to the delay between t0 and t1. A positive variation of the trace indicates a forward or a dominant-side directed acceleration or displacement. A negative variation indicates a backward or nondominant-side directed acceleration or displacement.
[x"G was positive] and the CoP was displaced backward [xP was negative]; Figure  2 ). Visual analysis showed that the rise of the xP and x"G traces occurred at the same moment (t0). The ANOVA revealed a very significant effect of the stance condition on the duration of the APAs (dAPA), F(2, 18) = 10.04, p < .01. The post hoc tests showed that dAPA was significantly shorter in BIP than in UNI D and UNI ND (both with p < .01; Figure 4 ). In contrast, the ANOVA did not reveal any significant effect of the stance condition on xP APA , F(2, 18) = 2.81, p > .05, and x"G APA , F(2, 18) = 0.17, p > .05.
ML Axis. The amplitude of the y"G and yP traces during the APAs was generally very low as compared with the AP axis, and their onset was difficult to dissociate from the baseline, especially in the two unipedal stance conditions. In addition, the intra-and intersubject variability was relatively high. As for the ML kinematics of the focal movement, a general pattern was, therefore, difficult to establish. The ANOVA revealed a significant effect of the stance condition on yP APA , F(2, 18) = 3.89, p < .05, and a very significant effect on y"G APA , F(2, 18) = 7.71, p < .01, respectively. The post hoc tests showed that yP APA was significantly higher in UNI ND than in UNI D (p < .05) and BIP (p < .05; Figure 4) . Similarly, y"G APA was significantly higher in UNI ND than in UNI D (p < .01) and BIP (p < .01).
Comparison of the AP and ML Perturbation to Equilibrium in the Three Stance Conditions
AP Axis. The ANOVA revealed a significant effect of the stance condition on xP NET , F(2, 18) = 4.04, p < .05, and xP NET *, F(2, 18) = 4.10, p < .05, and a very significant effect on x"G MAX , F(2, 18) = 12.41, p < .01. The post hoc tests showed that these variables were significantly higher in BIP than in UNI D and UNI ND (see Figure 5 for the details of the post hoc tests). In contrast, the ANOVA did not reveal any significant effect of the stance condition on xP MAX , F(2, 18) = 2.19, p > .05, or xP MAX *, F(2, 18) = 2.87, p > .05. anteroposterior acceleration of the center of gravity and displacement of the center of pressure at the onset of the focal movement (t0), respectively; y"G APA , yP APA : mediolateral acceleration of the center of gravity and displacement of the center of pressure at t0, respectively; BIP: bipedal stance. Values are mean (all subjects together) ± 1 SD. * p < .05; ** p < .01.
Figure 5 -Comparison of the variables related to the perturbation to equilibrium in the three stance conditions. AP, ML: anteroposterior, mediolateral; BoS: base of support; x"G MAX , xP MAX , xP MAX *, xP NET , xP NET *: AP peak-to-peak value of the center of gravity acceleration trace, AP peak-to-peak value of the center of pressure displacement trace, normalized xP MAX value, net AP center of pressure displacement, normalized xP NET value, respectively. The same variables are presented for the ML axis. BIP: bipedal stance. Values are mean (all subjects together) ± 1 SD. * p < .05; ** p < .01. ML Axis. The ANOVA revealed a significant effect of the stance condition on yP MAX , F(2, 18) = 4.31, p < .05; a very significant effect on y"G MAX , F(2, 18) = 7.73, p < .01, yP NET , F(2, 18) = 8.22, p < .01, and yP NET *, F(2, 18) = 8.04, p < .01; and a highly significant effect on yP MAX *, F(2, 18) = 283.61, p < .001. Note that almost all of these variables were significantly higher in UNI ND and/or UNI D than in BIP (the details of the post hoc tests are reported in Figure 5 ). Note also that yP NET and yP NET * were significantly higher in UNI D than in UNI ND (p < .01). This latter result originates from a net CoP displacement toward the external boundary of the foot in both unipedal stance conditions (i.e., the CoP was displaced toward the dominant side in UNI D and toward the nondominant side in UNI ND ). Whenever the absolute value of these variables was considered, no significant difference was detected (p > .05). The net ML CoP displacement in UNI D and UNI ND , therefore, mirrored each other, which suggests that there was actually no effect of leg dominance on this variable.
Discussion
The current study was designed to investigate how young healthy subjects control their postural equilibrium when exposed to a situation of instability specifically elicited by reduced postural muscle system efficiency. The effect of leg dominance on postural control was also investigated. Subjects purposely performed series of BFR at maximal velocity while standing on the dominant or on the nondominant leg. The capacity of force production in the postural muscle system was thus experimentally reduced as compared with the bipedal stance, while the possibility of AP CoP displacement was not altered.
Control of AP Equilibrium During Bilateral Forward-Reach
Results showed that, in each stance condition, postural dynamics along the AP axis (main axis of perturbation) occurred before the onset of the focal movement (i.e., APAs were elicited). The APAs duration was approximately two times longer in UNI D and UNI ND (≈100 ms) than in BIP (≈50 ms). In contrast, the forward inertia forces generated during the APAs (in terms of forward CoG acceleration at the onset of the BFR) did not change with the stance condition.
It is generally accepted that the inertia forces generated during the APAs associated with a fast forward-oriented arm movement from static stance are directed to counter in advance the inertia forces elicited by the focal movement that tend to destabilize the whole body backward (Bouisset & Zattara, 1981 Bouisset & Le Bozec, 2002; Le Bozec & Bouisset, 2004; Yiou, 2005; Yiou et al., 2007) . Results, therefore, show that the anticipatory "postural counter-perturbation" remained unchanged in the three stance conditions. However, because the capacity of force production in the postural muscle system was reduced in UNI D and UNI ND , a longer APAs development was required to reach an equivalent inertia forces level as in BIP. We, therefore, propose that the APAs duration was lengthened in the two unipedal stance conditions to maintain a constant level of inertia forces, thus keeping the anticipatory postural counter-perturbation unchanged. This proposal is in line with the conception that the CNS delays the onset of the focal movement-and thus lengthens the APAs duration-until the adequate counter-perturbation is attained (Zattara & Bouisset, 1986; Bouisset & Zattara, 1990; Cordo & Nashner, 1982) . The amplitude of this counter-perturbation would be based on a cognitive evaluation of the perturbing effect that the forthcoming focal movement will induce on the postural equilibrium.
According to the posturo-kinetic capacity theory, the focal movement performance of an upper-limb movement strongly depends on the capacity of the postural muscle system to generate the adequate anticipatory counter-perturbation (Bouisset & Zattara, 1981 Bouisset & Le Bozec, 2002; Le Bozec & Bouisset, 2004) . More specifically, if this capacity is impaired, the postural stability might then be threatened by the focal movement execution; consequently, the CNS reduces the focal movement performance to minimize the disturbing effect. This theory has been supported by recent studies that reported that the maximal velocity of a pointing movement was reduced when the posturo-kinetic capacity was hindered, for example, following the reduction of the initial BoS size in the direction of the perturbation (Yiou et al., 2007) or during the synchronization with a lower-limb task such as lunging (Do & Yiou, 1999; Yiou & Do, 2001) or ipsilateral/contralateral leg flexion (Yiou, 2005) . Thus, maintaining constant the level of inertia forces during the APAs in the two unipedal stance conditions might be necessary to keep optimal the focal movement performance without causing any additional risk of postural destabilization. In support, the focal movement performance did not change with the stance condition, and the various indicators of the perturbation to equilibrium remained unchanged or even reached lower values in the two unipedal stance conditions as compared with the bipedal stance condition. This later result further suggests that, besides APAs, adaptation of postural adjustments probably also occurs during the focal movement in the two unipedal stance conditions (these postural adjustments were called "corrective postural adjustments," or CPAs, by . Within the current method, CPAs could, however, not be investigated.
The current results can interestingly be put together with the results of recent studies on the effect of fatigue of postural muscles (in the trunk and thigh) on the APAs associated with an upper-limb task (Vuillerme et al., 2002; Allison & Henry, 2002; Morris & Allison, 2006; Strang & Berg, 2007; Strang et al., 2008) . These studies reported that the anticipatory excitation of the fatigued postural muscles was lowered under the fatigued state, which was compensated for by an earlier activation and, therefore, longer APAs. Those authors further reported that the postural equilibrium (quantified with CoP measures) was not additionally disturbed as compared with the normal muscular state, which has been specifically ascribed to these adaptive changes in APAs duration (Strang & Berg, 2007) . According to the authors, the longer APAs in the fatigued muscles would reflect a strategy directed to compensate for their altered capacity of force production. The current results thus extend these previous studies and suggest that the reported changes in APAs duration (herein highlighted with kinetic measurements) are not exclusively related to the effect of fatigue, but might merely reflect a more general strategy directed to adapt to situations of instability specifically elicited by decreases in the force-producing capability of the postural muscle system. Such strategy of APAs lengthening thus markedly contrasts with the strategy of APAs attenuation reported in persons suffering from long-lasting postural muscle system impairment from neuropathology or physical deconditioning (Gurfinkel & Elner, 1973; Horak et al., 1984; Bazalgette et al., 1987; Dick et al., 1986; Viallet et al., 1987; Slijper et al., 2002; Remelius et al., 2008) . A strategy of APAs attenuation has also been reported in young healthy persons performing upper-or lower-limb movement in a situation of instability elicited by a reduction of the BoS size in the direction of the focal movement (Nouillot et al., 1992; Aruin et al., 1998; Yiou et al., 2007) and in a situation of postural threat or fear of falling (e.g., when performing a voluntary rise-to-toes task at the edge of a platform distant from the ground; Adkin, Frank, Carpenter, & Peysar, 2002) . It has been proposed that, in these situations, APAs attenuation would reflect a purposeful scaling down strategy directed to avoid the possible destabilizing effect of APAs (Nouillot et al., 1992; Aruin et al., 1998; Adkins et al., 2002; Yiou et al., 2007; Remelius et al., 2008) . In line with the posturo-kinetic capacity theory, this strategy of APAs attenuation might be, in turn, responsible for the altered focal movement performance generally reported in these conditions of instability (Bazalgette et al., 1987; Bouisset, 1991) .
The current results, along with the previously cited results on the effect of fatigue, are in line with the force hypothesis that young healthy subjects do not use a protective strategy when exposed to a situation of instability specifically elicited by reduced postural muscle system efficiency. Instead, young healthy subjects develop longer APAs probably to reach an equivalent level of anticipatory inertia forces and, thus, reach an equivalent anticipatory postural counterperturbation. This was made possible in the current study because the AP BoS size did not change with the stance condition. Consequently, the focal movement performance might remain unchanged in the unstable conditions without any additional risks of postural threat.
Control of ML Equilibrium During Bilateral Forward-Reach
Results further showed that, in each stance condition, the focal movement velocity included a small ML component. This component was ≈10 times lower than its AP counterpart. As expected, the focal movement was, therefore, quasi-but not strictly-symmetrical with respect to the sagittal plane. Results also showed that APAs in UNI ND included a very small ML component. As for the focal movement, APAs were, therefore, not strictly symmetrical with respect to the sagittal plane. ML APAs were quasi-inexistent in UNI D and BIP, thus suggesting a small effect of leg dominance on APAs.
The question arises whether the ML APAs observed in UNI ND , albeit very small, might reflect an attempt to counter in advance the ML perturbation to equilibrium due to the asymmetry of the BFR. The result that the time course of the ML kinematics of the focal movement-and, therefore, the direction of the ML disturbing inertia forces-was highly variable between trials and subjects (in contrast to the AP kinematics) seems incompatible with the "predictive" nature of the APAs. In addition, it would seem unclear why larger ML APAs were generated in UNI ND as compared with UNI D and BIP, given that the ML disturbing inertia forces elicited by the focal movement were equivalent in the three stance conditions. We, therefore, merely propose that, within the current experiment, the presence of ML APAs is a negative outcome that might reflect some difficulty of the postural muscle system to generate strictly unidirectional anticipatory dynamics.
As mentioned earlier, the ML component of the focal movement velocity was negligible as compared with the AP component (see Figures 2 and 3) . Consequently, a much smaller perturbation to equilibrium might have been expectedwithin each stance condition-along the ML axis than along the AP axis. In contrast, results showed that the mean peak-to-peak CoP displacement was only 2.5 times greater along the AP axis (xP MAX = 67 ± 5 mm, mean value ± 1 SD all stance conditions together) than along the ML axis (yP MAX = 27 ± 3 mm). The mean peak-to-peak CoG acceleration was even greater along the ML axis (0.45 ± 0.11 m/s 2 , mean value ± 1 SD all stance conditions together) than along the AP axis (x"G MAX = 0.29 ± 0.12 m/s 2 ). The ML perturbation to equilibrium was, therefore, relatively important for the small ML component of the focal movement. The potential for ML postural destabilization due to the asymmetry of the focal movement seems, therefore-in each stance condition-important. This potential was obviously higher when subjects stood on one single leg because, in addition to the reduced postural muscles available to counter the ML component of the focal movement, the ML BoS size was reduced as compared with bipedal stance. In line, results showed that the perturbation to equilibrium was greater in UNI D and UNI ND than in BIP. Now, it should be stressed that even in the two unipedal stance conditions, both the ML peak-to-peak CoP displacement and the ML net CoP displacement were relatively small with respect to the ML BoS size, as revealed by the yP MAX * (≈27%) and yP NET * (≈3%) values. The percentage of the ML BoS that can still be used for ML CoP displacement remained, therefore, still relatively important, and consequently, the actual risks of ML postural destabilization due to the asymmetry of the focal movement were moderate. In support, none of the subjects experienced ML (nor AP) postural destabilization.
The important ML perturbation to equilibrium relative to the very small ML component of the focal movement might be ascribed to the following factors. The musculoskeletal constraints of frontal plane postural movement, such as a short ankle joint lever arm, limiting corrective torque production available at the ankle, or the lack of knee joint movement, clearly hinder the capacity of the postural muscle system to counter the ML perturbation. However, this sole anatomical constraint is probably not responsible for the observed results. Indeed, it could be extrapolated from the current results that, if the focal arm movement had been performed in the frontal plane (e.g., lateral single arm rising or pointing at maximal velocity), thus generating a much greater ML perturbation to equilibrium than the current BFR, sideway imbalance would then occur. Daily experience obviously shows that young healthy persons are able to perform rapid lateral arm movements, from unipedal (dominant and nondominant) and bipedal stance, without loosing their equilibrium. This stems from the capacity of the CNS to develop feedforward controls that efficiently minimize the ML perturbation to equilibrium (Vernazza-Martin et al., 1999; Santos & Aruin, in press ). In the current study, ML APAs were either very small (UNI D ) or inexistent (UNI ND , BIP). Hence, it seems that, for the current task, the control of the ML equilibrium was very limited (or inexistent), perhaps because the actual ML perturbation was not sufficient enough to induce ML imbalance, or perhaps because the CNS was not able to detect the small asymmetry of the focal movement. Future study will investigate these issues. Zattara and Bouisset (1987) reported that the maximal velocity of a forward unilateral arm pointing was lower from the unipedal stance than from the bipedal stance. This later result has been confirmed for lower-limb flexion, performed either from unipedal or bipedal initial stance (Nouillot et al., 1992) . In contrast, the current results showed that there was no effect of the stance condition on the maximal velocity of the BFR. This discrepancy might probably be ascribed to the degree of asymmetry of the focal movement. The single arm pointing (and to a greater extent the lower-limb flexion) is a highly asymmetrical movement that elicits a larger peak-to-peak ML CoP displacement (≈8 cm in the bipedal stance condition; Yiou, 2005) than the quasi-symmetrical BFR movement used in the current study (≈3 cm in all three stance conditions). Considering the foot width (≈10 cm), the level of use of the ML BoS size might be estimated to be 80% in the unipedal stance during single arm pointing versus 27% in the current study. Consequently, subjects might have scaled down the maximal velocity of the single arm pointing (and lower-limb flexion) to reduce this ML CoP displacement and, thus, protect them from ML destabilization. In support, a recent study (Yiou et al., 2007) showed that the maximal velocity of a forward pointing made from various fencing-like postures decreased when the possibility of maximal AP CoP displacement was experimentally hindered by the reduction of the AP BoS size (corresponding to the AP distance between the two feet). Thanks to this reduction of the focal performance, the level of use of the BoS size never exceeded ≈60%, which was considered to be the surface over which weight could be safely shifted and maintained or "stability area" (Murray, Seireg, & Sepic, 1975) .
Relationship Between Focal Movement Performance and BoS Size
The current results thus extend those previous studies Nouillot et al., 1992; Yiou, 2005; Yiou et al., 2007) and suggest that the BoS size (AP or ML) might be a limiting factor of the maximal velocity of a forwarddirected arm movement in so far as the associated CoP displacement might exceed the stability area (AP or ML). As it was not the case for the current task, the scaling down of the focal movement performance was not needed, but the adaptation of APAs was required to maintain postural stability.
Conclusion
Taken together, these results show that, in contrast to persons living with longlasting postural impairment, young healthy subjects do not use a protective strategy of APAs attenuation when exposed to a situation of instability specifically elicited by reduced postural muscle system efficiency. Instead, young healthy subjects seem to lengthen the APAs duration to maintain a constant level of inertia forces during the APAs, thus keeping the efficiency of the anticipatory postural counter-perturbation unchanged. As a consequence, they could maintain an equivalent focal performance without any additive perturbation to equilibrium.
The subsidiary goal of the study was to investigate the influence of leg dominance on postural control. The sole effect that could be highlighted was on the APAs perpendicular to the main axis of perturbation (i.e., the amplitude of the ML APAs was higher when subjects stood on the nondominant leg than on the dominant leg; however, the amplitude of these APAs was very slight). We propose that, within the current task involving a quasi-symmetrical focal movement, the presence of ML APAs is a negative outcome that might reflect some difficulty of the postural muscle system to generate strictly unidirectional anticipatory dynamics. Future study will investigate whether the recording of electrical activity of postural muscles might be more discriminative than kinetics at detecting asymmetries in the postural adjustments associated with a symmetrical movement.
